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1 
INTRODUCTION 
During World War II, a number of new dairy products were 
developed. One of these new products was sweetened skimmilk 
powder. A skimmilk-sugar solution is dried to a powder which 
is designated as sweetened skimmilk powder. Several different 
drying methods are available and different kinds or sugar :,ay 
be used as sweeteners for the powder. This new form of concen- 
trated milk was used as a source of skimmilk solids and sugar 
in ice cream, candy and bakery products. 
Sweetened skimmilk powder has certain advantages over 
sweetened condensed sktmmilk. It required less storage spaces 
is more convenient to handle and there is an additional Eaving 
in transportation cost. This new product also is desirable 
for small users because it can be merchandised more advantageous- 
ly in much smaller quantities than sweetened condensed skimmilk 
which is usually packed in 600 pound barrels. A barrel of 
sweetened condensed skimmilk is a problem in moving due to its 
weight, and once opened, is susceptible to spoilage by fermenta- 
tion. 
To date no standards of identity have been formulated, nor 
is there information available regarding the methods for using 
of sweetened skimmilk powder. 
This study was undertaken for the purpose of obtaining more 
information on methods of manufacturing the powder, how it com- 
pares with other sources of serum solids when used in ice cream 
and how it should be stored. 
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l'i.EVIEW OF LITERATURE 
1iandfacture of Powder 
Drying Systems. The manufacture of dehydrated sweetened 
skimmilk powder entails the removal of all except a small per- 
centage of water from a skimmilk-sugar solution by one of sev- 
eral methods of drying. The most popular and widely used system 
for drying other products such as eggs, fruit juices and milk 
is the pressure spray drier. Drying results from forcing the 
solution by means of a pump through an atomizing nozzle into a 
drying chamber.. The pressure exerted by the pump in forcing 
the milk through the small opening in the nozzles atomizes the 
solution into fog-like droplets. When the droplets come in con- 
tact vdth heated air which is forced into the drying chamber, 
practically all of the moisture is rPLoved. The dried particles 
fall to the bottom of the chamber while the moisture laden air 
is released at the top of the drying chamber. 
The Douthitt Gray-Jensen drier, the Rogers drier, and the 
Dick drier (7) are three of the several different commercial 
machines using the principle outlined above. Certain modifi- 
cations in the design of the machines are covered by U. S. 
Patents. 
Ailother system found in wide use for drying milk products 
is in the roller process (7). When this system is used the 
product to be dried is first condensed in a vacuum pan to ap- 
proximately 40-60 percent total solids. After concentration, 
the condensed milk solids are then introduced onto a steam 
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heated drum. When dried, the thin film is removed from the ro- 
tating drum by means of a knife. 
Recent application of cold temperatures in drying products 
have been successful (7). This method does not jeopardize the 
flavor of the product which is a distinct advantage over systems 
in which heat is used for drying. 
Drying Sweetened Condensed EkimmilX. In the manufacture 
of dehydrated products, a large number of the present day 
practices in use as to drying temperatures, pressures and con- 
centration of liquids to be dried have been developed by equip- 
ment manufacturers and plant operators. 
It has been possible to secure some information from a 
few manufacturers who have had a limited amount of experience 
in the manufacture of sweetened condensed milk powder and simi- 
lar products. Information furnished by Day (5) on the drying 
of "sugmisco" (a maltose syrup sweetened kimmilk powder) in- 
dicated that this- product could be made by atomizing a liquid 
containing 30 percent total solids through a 0.061 inch nozzel, 
using 2000 pounds pressure per square inch and a temperature 
in the drying chamber of 185°F. Day further states it was 
necessary to reduce the inlet volume by using 4 or 5 of the 8 
spraying nozzles on the drier. He reported when the concentra- 
tion of the liquid before drying was increased from 30 to 40 
percent and the other conditions remaining the same, some diffi- 
culty as encountered in drying due to the formation of a. taffy- 
like mass on the floor of the drier. This mass consisted of an 
incompletely dried syrup- skinnilk mixture. 
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In the manufacture of milk powder it is important that 
the drying temperature and other conditions be such that the 
dried product will not have a burnt appearance and scorched 
taste. Lhen the drying temperature is reduced it is necessary 
to reduce the inlet volume which results in a reduced capacity 
of the drier. Holm (6) stated that in drying milk the tempera- 
ture of the air cannot be specified, but varies with the make 
of the drier and may be from 240°F. to 300°F. depending upon 
the efficiency of the spray, the rate of feed, degree of con- 
centration of milk used and other factors. 
then drying ice cream mix, a product similar to sweetened 
condensed skimmilk powder, Tracy (17) found that a camel-like 
flavor was present in the product ehen the drying temperature 
was too high. To overcome this, he recommends the addition of 
only 25 percent of the total amount of sugar before drying. 
Use of Powder 
Being a comparatively new product, there is little pub- 
lisned information available on the use of sweetened skimilk 
powder. During the war the product was used by small ice cream 
manufacturers, candy makers and bakers as a source of milk 
solids and swar. 
Turnbov., Tracy and Raffetto (19) have suggested the possi- 
bility of the manufacture of special types of dry milk solids 
which would be particularly well suited for use in the ice 
cream industry. Such products should be of high solubility* 
be easily dispersed in the mix, impart good whipping qualities 
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to the mix, and have a good effect upon the body of the ice 
cream. lieither should they detract from the fine flavor of the 
finished ice cream. 
For the manufacture of ice cream of high quality Price and 
Whitaker (13) also emphasize the importance of proper dispersion 
of the dry ingredients in the liquid mix. They recommend the 
mixing of dry skimmilk with sugar and gelatin and then sprinkling 
the dry mixture in the cold liquid. 
Considerable work has been reported on the effects of 
different ingredients upon the freezing properties of ice cream 
s fixes. 
When comparing the use of condensed skimmilk and spray 
process skimmilk powder in ice cream mixes, Lucas and Jensen (8) 
and Sommer (15) found no correlation between basic viscosity 
of the mixes and surface tension tests and whipping properties. 
They state that whipping ability of ice cream mixes cannot be 
explained on the basis of viscosity. Fat, sugar and gelatin 
are deterants to whipping, yet they also increase viscosity of 
the mix according to Sommer (15). Dahle and Kieth (3) and 
Dahle et al. (4) found slightly lower viscosities in mixes of 
the same composition made by spray process skimmilk powder 
than in the control containing condensed skimmilk. 
In comparing dry skimmilk powders made by different proc- 
esses and condensed skimmilk, Dahle et al. (4) obtained 100 per- 
cent overrun in slightly less time with spray process powder 
than with condensed skimmilk. This is supported by the report 
of Lucas and Jensen (8). In addition they found that mixes 
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made with butter in place of sweet cream required more time to 
develop a satisfactory overrun. 
Turnbow, Tracy and Rafetto (19) showed that -ith either a 
high fat, high serum solids or high sugar content, a longer 
period of time is required to obtain the desired overrun. 
Replacing part of the sucrose with corn sugar lowers the 
freezing point and requires a longer whipping time, Martin re- 
ported (9) 
Using either skimmilk powder or condensed skimmilk, in 
making ice cream, Lucas and Jensen (8) obtained equally as 
good results on flavor and body and texture. :'then substituting 
butter of high quality for sweet cream, they found there was 
no practical difference in flavor scores; however, the body and 
texture scores were slightly lower. 
Dahle (2), Dahle and Kieth (3), Dahle, lalts and Kieth, (4) 
Price and W.iitaker (13), and Liarquardt (10) have shown that dry 
skimmilk powder can be substituted for condensed skimmillewith- 
out noticable difference in flavor and body and texture score. 
Storage of Powder 
Changes in the properties of condensed and dehydrated milks 
which take place during storage are of importance to the use 
of these products. In studying the effects of addition of sucrose 
on the keeping quality of whole milk powder, Hunziker (7) states 
that vacuum roller process powder, containing 13.7 percent fat 
and 14.24 percent sucrose did riot show the slightest manifes- 
tation of tallowiness or other flavor defects when stored 
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in a tin for three years at room temperature ranging from 45 to 
95°F. Samples of spray dried milk powder containing 15 percent 
milk fat, 57 percent milk solids not fat and 25 percent sucrose 
were held in glass jars with screw top caps, without protection 
from air, light and summer heat. 
Marquardt (10) has shown a good quality ice cream can be 
made from dry skimmilk powder which had been stored in sealed 
containers for many months and that it was impossible to make 
ice cream of good quality from skiminilk powder which had been 
stored for more than 60 days in unsealed containers. According 
to Turnbow, Tracy, and Raffetto (19), dry skimmilk stored at 
room. temperature of 60°F. or lower, a moisture content of 2.5 
percent in the powder, and low humidities in the storage room 
are prerequisites for good keeping quality. Supplee and Bellis 
(16) concluded that there was a direct relationship between the 
moisture content during storage and quality of dry skiminilk. 
Rancid flavors in sweetened condensed whole milk, accord- 
ing to Sommer (15), are usually caused by low iorewarming tem- 
perature or allowing some of the milk to pass without forewarm- 
ing so that the fat splitting enzyme, lipase, is not destroyed. 
In the storage of milk powder air should be excluded to prevent 
oxidation. Tallowiness in spray powder was attributed by Palmer 
and Dahle (12) to the presence of air within the granules. This 
contention is supported by Coulter and Jenness (1) who found 
the oxygen content of samples of powder gas-packed in nitrogen 
for 7 days was lower than that of the control samples. 
Troy and Sharp (18) suggested that the caking of skimmilk 
8 
powder is the result of the following successions of reactions: 
1. adsorption of moisture by the concentrated syrup, 2. adher- 
ence of milk particles to one another causing stickiness, and 
3. solidification of the mass due to the crystallization of 
some of the lactose as alpha hydrate, causing caking. Webb 
and Hufnagel (20) founi a paraffined lined, tight oak barrel 
was highly suitable for storing dried skimiailk. After four 
months' storage at 110°F. and 80 percent relative humidity, 
they reported only a one percent increase in noisture,and no 
evidence of caking. 
By increasing the moisture content of the powder, Supplee 
and Bellis (16) showed that the protein became progressively in- 
soluble. These investigators, when maintaining the moisture 
content between three and five percent, found only a slight 
change in solubility of the powder when stored one year. Hun- 
ziker (7) reported roller-process dried whole milk containing 
as high as 3.7 percent moisture did not decrease in solubility 
in three and one half years, when stored at 59°F. However, 
when stored for long periods at 98°F. powders with as little as 
2.4 percent moisture became completely insoluble. He attrib- 
uted the hygroscopic properties of freshly-made powder to a 
change of lactose from hydride to a hydrate form. 
EXPERIMEjTAL PROCEDURE 
14anuracture of Powder 
This study was undertaken for the purpose of determining 
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the effects upon moisture content, flavor, color and texture 
of powder by temperature in the drying chamber atomizing nres- 
sure and total solids concentration of the skimmilk-sucrose 
solution before drying. In Table 1 is presented an outline of 
the experimental procedure used in this study. 
Use of Powder in Ice Cream 
The purpose of this phase of the experiment was to deter- 
mine the suitability of sweetened condensed skimmilk powder as 
a source of serum solids for use in ice cream. This was accom- 
plished by using it in standard ice cream mixes and comparing 
it with mixes in which the serum solids were furnished by sweet- 
ened condensed skimmilk or nonfat dry milk solids. Comparisons 
were made on the acidity, viscosity, visual sedimentation, and 
whipping properties of the mixes. Flavor and body and texture 
scores of the finished ice cream were compared. 
The sweetened skimmilk powder used in this study was ob- 
tained from three sources. A sucrose sweetened skimmilk powder 
was obtained from the Hershey Creamery Company, Chambersburg, 
Pa. A maltose syrup sweetened skimmilk powder manufactured by 
the Benett Creamery Company, Ottawa, Kansas and obtained from 
the Dessendorf Brokerage Company, Kansas City, o. A sucrose 
sweetened skimmilk powder was made in the Chemical Engineering 
laboratory:at Kansas State College. The composition of the 
powders according to the analysis furnished by the manufacturer 
Was a 'proximately 40 percent serum solids and 60 percent sugar 
(moisture content disregarded). Three series of experiments, 
TaLle 1. :;.7.ri7ental procedure outline for deterTining certain effects upon sweetened 
z. powder by methods of drying. 
Tercent total sorids of skimmth-sucrose solution before drying 
14 22 22* 
Temperatures in drying chamber 
325°F. 3750F. : 3250F. : 375°F. 325 °F. 375 °i. 
Atomizing 
pressure in 
pounds per 750 1200 750 1200 750 1200 750 1200 750 1200 750 
1200 
square inch 
*Diluted sweetened condellued skimmilk 
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the first consisting of three trials, the second consisting of 
one trial and the third series consisting of three trials, were 
made. The experimental procedure outline for the comparisons 
of ce cream is presented in Table 2. 
The composition of Series I and II was selected as a typi- 
cal ice cream mix used by ice cream manufactures during normal 
times. 
Sugar shortages and high butterfat costs necessitated 
certain changes in the composition of ice cream during and since 
the war. The composition of series III was chosen as represen- 
tative of a low fat, low sugar, high serum solids mix which 
was brought into use during the post war. 
. The dry ingredients, including the sugar, the 
stabilizer and the skimmilk powder when used were mixed and 
sifted into the liquid ingredients when the temperature reached 
120°F. The liquid ingredients were agitated vigorously during 
the addition of the dry ingredients to insure thorough dis- 
persion. The size of the mixes was 50 pounds each. Observa- 
tions v..ere made on the ease and thoroughness of incorporation 
of the several different powders. 
Pasteurization and 1 omogenizatio4. The mixes were pas- 
teurized in 10 gallon milk cans by placing the cans in a tank 
of hot water and stirring the contents until they reached a 
temperature of 155°1. 
At the end of the 20 minute holding period at 155°F, the 
mixes were homogenized at 2000 pounds per square inch pressure 
using a single stage Creamery Package homogenizer, followed by 
Table 2. :xperimental procedure outline for comparisons of various inmredients used in 
ice cream. 
Compoxi 
12 ; 
10.5A 
14 70 
tion of experimental 
fat 
serum solid 
sugar 
stabilizer 
mixes 
10 % fat 
12 % serum solids 
13 % sugar 
0.3% stabilizer 
Cream as source of fat, 
Series I 
and sugar 
:butter as source of 
Laries II 
fat, :Cream as source of fat, 
Series III 
Mix Source of serum solids 
: trials 
: 
: 
A Control- liquid sweet- 
ened condensed skimmilk 
B Skimmilk powder and su- 
crose 
C Skimmiik and sucrose 
pulverized together 
D Skimmiik powder sweet- 
ened with sucrose before 
drying 
3 
3 
3 
3 
E S;kimmilk powder sweetened 3 
with maltose before dry- 
ing 
ource of serum : 
solids and sugar: 
70. 
trials 
: ;.ounce o. serum : 
: solids and su 1r : trials 
Same as A 1 ::acne as A 3 
Same as 13 1 Same as B 3 
Same as C 1 Same as C 3 
Same as D 1 Same as D 3 
Same as 1 Same as 3* 3 
Wansas State sucrose sweetened skimmilk powder substituted for maltose sweetened powder 
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cooling to 40°F. over a surface cooler. The mixes were held at 
40°F. for 24 hours prior to freezing. 
kialvses. The ice cream mixes were tested for butterfat by 
the Minnesota (19) method, and for total solids by the Mojonnier 
and Troy (11) method. The McMichael viscosmeter with No. 30 
wire was used to measure the viseosfty of the mixes. The acid- 
ity of 'the mixes was determined by titrating a nine gram sample, 
with N/10 NaOH, using phenolphthalein as a color indicator. A 
sample of each mix was placed in a 100 milliliter graduated 
cylinder and allowed to stand at 40°F. for 48 hours and obser- 
vation made on sedimentation and destabilization. 
Ilguln&s. The mixes were frozen in a 40 quart direct ex- 
pansion Creamery Package Batch freezer. A preliminary freezing 
was made prior to freezing the experimental mixes to standard- 
ize freezing condition. The amount of overrun and the tempera- 
ture of the mixes was recorded at minute intervals throughout 
the freezing period, using a Mojonnier overrun scale and Weston 
dial thermometer. 
Sampling and Storing of ice Cre4a. When the desired over- 
run (approximately 100 percent) was reached, samples of the ice 
cream were taken direct from the freezer into pint Sealright 
containers and placed in a hardening room at -15 °F. After 24 
hours and 43 hours in the hardening room, the samples were re- 
moved, placed in an insulated ice cream shipping bag and al- 
lowed to temper for one hour. After tempering, they were ex- 
amined organoliptically for flavor and body and texture by two 
qualified judges. The American Dairy Science score card which 
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allowed a total of 45 points for flavor and 30 points for body 
and texture was used for scoring the ice cream. 
Store e of Powder 
This phase of the experiment was designed to measure some 
of the chemical and physical changes which sweetened condensed 
skimmilk powder undergoes while in storage. A study of the ef- 
fects of length of time in storage, storage temperature and type 
of container on the percent moisture, percent acidity, solu- 
bility index, flavor score, and texture of sweetened condensed 
skimmilks was made. Samples of the sweetened condensed skimmilk 
powders were placed in four ounce glass jars with screw caps, 
one quart tin cans with tightly fitting closures, one pint 
Sealright containers sealed with scotch tape and one pint Seal- 
right containers lined with moisture resistant paper. One set 
of samples was stored at room temperature and the other at 4007. 
for a period of two months. 
The powders were analyzed for moisture content, tested for 
acidity, and solubility and scored for flavor at the start of 
the storage period and again after one month and two months in 
storage. 
The acidity was determined by titrating an 18 gram sample 
of reconstituted powder with N/10 NaOH using phenolphthalein as 
a color indicator. 
The method for determining the solubility of nonfat dry 
milk solids as outlined by the American Dry Milk Institute (21) 
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was followed with the exception that a Hamilton Beach malt mix- 
er was substituted for the Dumore mixer No. 6. 
The sweetened condensed skimmilk powders were reconstituted 
to the composition of skimnilk and scored for flavor by two 
judges using the American Dairy Science score card for the exam- 
ination of milk which allows 45 points for a perfect flavor 
score. 
EXPERIMEN TAL RESULTS 
' :lanufacture of Powder 
The results obtained from a study of methods of drying skim- 
milk powder sweetened with sucrose before drying is presented 
in Table 3. 
Using 325°F. drying temperature, 750 pounds per square 
inch atomizing pressure and a concentration of 14 percent total 
solids, the powder obtained had a lower moisture content than 
the same temperature, same degree of concentration and 1200 
pounds per square inch pressure. With the same conditions ex- 
cept using a concentration of 22 percent total solids before 
drying, the moisture content was at a higher level. then 375°F. 
was used with identical conditions to 325°F. a powder resulted 
with a lower moisture content. 
When considering the flavor of the powder, 325°F. gave 
satisfactory results with either 750 or 1200 pounds pressure 
and either a concentration of 14 or 22 percent, while a drying 
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temperature of 375°F. gave unsatisfactory results because cf 
the cooked flavor imparted to the powder. 
With a drying temperature of 325°F. and either 750 or 1200 
pounds of pressure per square inch and with 14 or 22 percent 
total solids concentration, a desirable color was obtained while 
the higher temperature (375°F.) with other conditions being the 
same resulted in powder with a scorched color (Table 3.)' 
The texture of the powder was satisfactory except when a 
concentration of 22 percent solids, at 1200 pounds pressure and 
either 3250F. or 275°F. The chief objection in texture was the 
formation of carmelized, sticky, taffy-like masses caused by 
the product sticking-to the perifery of the cyclone and then 
being detached by the force of the heated air. Dropping from the 
bottom of the cyclone into the powder container, these gummy 
sticky balls never became completely dehydrated. 
The best drying conditions from a standpoint of the fin- 
ished powder as measured by flavor, color and texture were a 
temperature of 325°F. in the drying chamber, 750 pounds per 
square inch pressure and a concentration of either 14 or 22 per- 
cent total solids before drying. 
Use of Powder in Ice Cream 
The results obtained from a comparison of several sources 
of serum solids and sugar in ice cream are presented in Tables 
4 and 5. 
Analysis of Mixes. In Series I, II and III the average 
butterfat content in percent varied only 0.2 of a point and the 
Table 3. The effect of different dehydrating temperatures and pressures upon certain pror- 
erties of sweetened skimmilk powder. 
Fercont total :Inlet Ares- : 
solids concen- :sure in lbs.:Percent moisture: Flavor Color : Texture 
tration of liq-:per sq. in. : 3 . I.: .:37s , r.: 75 r s 
uid before dry-: : . : . . 
ing . . . . . . . . 
750 1.89 1.53 Satis- Cooked Satis- scorched Satisfactory 
14 factory factory 
1200 2.47 2.06 do do do do do do 
22 750 3.50 2.70 do do do do do do 
1200 6.97 3.64 do do do do Carmelized 
22* 750 3.26 2.76 do do do do Satisfactory 
1200 8.14 3.94 do do do do Cermelized 
*Diluted sweetened condensed skimmiik 
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total solids only 0.5 of a point from the celculeted percentage 
of 12, 12 and 10 percent fat and 36.8, 36.8 and 35.3, respec- 
tively, for the series. 
The average titratable acidity of the mixes in Series I 
ranged from 0.24 to 0.36 percent, for Series II from 0.20 to 0.28 
percent and for Series III from 0.25 to 0.28 percent. All of 
the mixes with the exception of the ones containing maltose 
sweetened skimmilk powder were within the expected range of 
acidities (0.18 - 0.26 percent) for mixes of these compositions. 
However, the acidities (average of 0.36 percent) of the mixes 
which contained the maltose sweetened skimmilk powder were much 
higher than the other mixes in Series I. Such high acidity may 
have resulted from an excessive amount of acid in the skimmilk 
or maltose syrup used in the manufacture of the powder. The 
acidities of the mixes in Series III averaged in percent approx- 
imately 0.3 of a point higher than the acidities of Series I. 
This was to be expected since the serum solids content of the 
mixes in Series II was 10.5 and that of the mixes in Series I 
was 12 percent. When considering acidities of mixes containing 
sucrose sweetened skimmilk powder produced acidities which were 
lower than the control mixes and approximately equal to mixes 
containing nonfat dry milk solids while maltose sweetened skim- 
milk powder resulted in acidities which were much higher 
The viscosity in the control mix in Series II was 190 
centipoise, which is somewhat higher than the 153 
average for the corresponding mixes in Series I. This was to be 
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expected since it is known that mixes in which butter is used 
as a source of fat are always higher in viscosity than mixes in 
which sweet cream is used. The other mixes in Series II which 
contained butter were comparatively higher in viscosity than in 
correseonding mixes in Series I in which sweet cream was used 
as a source of fat. 
The average viscosity of the control mixes of aeries I 
was 153 McMichael centipoise. The average viscosities of the 
other mixes in Series I ranged from 133 in the mixes containing 
a pulverized skimanilk powder-sucrose mixture to 175 in the mix 
containing the maltose sweetened condensed skimmilk powder. 
In .tries III the average viscosity of the control mix was 74 
McMichael centiooise and for the other mixes in this series it 
ranged from 40 in the mix containing the pulverized skimmilk 
powder-sucrose mixture to 74 for the control mix. The lower 
viscosities in Series II mixes was due to the lower total solids 
content of the mixes. The higher acidities in the mixes contain- 
ing maltose sweetened condensed skimmilk powder was probably 
the cause of the higher viscosities in those mixes. Resulting 
viscosities of all the mixes were for all practical purposes 
equal. 
Observations made on the ease with which the different 
powders were incorporated into the mix indicated that the sucrose 
and maltoea sweetened skimmilk powder was more easily and com- 
pletely dispersed in the mix than were the nonfat dry milk 
solids or the pulverized noefat dry milk solids-sucrose mixture. 
20 
All of the powders used were completely dispersed after pasteur- 
ization and homogenization and there was no settling out or sed- 
imentation in any of the samples after standing in graduated 
cylinders at 40°F. for 48 hours. As indicated in Table 4, there 
wa.s no tendency for protein destabilization during processing 
and storage of the mixes. 
Dravinz Temperature and Percent of Overrun,. None of the 
ingredients used in these mixes exerted any marked change in the 
drawing temperatures of the ice cream (Table 5). The drawing 
temperatures of the ice cream in Series III averaged about 1°F. 
lower than those in Series I which was probably due to the fact 
that the mixes in Series III had a lower total solids content 
making it possible to freeze them to a slightly lower tempera- 
ture than the mixes in Series I. 
There was considerable variation in the percent of overrun 
in the ice cream at the end of an eight minute period in the 
freezer. For either the control mixes or the mixes containing 
sucrose sweetened skimmilk powder, the average overrun obtained 
in eight minutes was 94 percent in Series I, and in Series III 
it was 94 and 93 respectively (Table 5). The mixes in Series 
I, containing skimmilk powder, a pulverized skimmilk-sucrose mix- 
ture, and maltose sweetened skimmilk powder contained less over- 
run at the end of eight minutes than did the controls. The re- 
verse was true in Series III. 
The amount of overrun in all the mixes in Series II, which 
contained butter and either skimmilk powder or sweetened powder, 
was considerably less than the control. 
Table 4. Comparison of certain properties of ice cream mixes made with various sources 
of seru solids and sugar. 
: : Viscosity : Indication : Sedimentation 
Percent 
: -ofichael : of d3stab- : or destabil- 
: 
. 
. 
. 
. iota . :centipoise : ilization : ization 100 ml. 
Trial no. : ix* : Fat : solids : Acidity : : during : grad. 
. . 
' 
. . 
. 
. : processing : 
Series I 
1 A 11.8 37.07 0.24 167 none none 
B 12.0 37.15 0.24 144 do do 
C 11.8 37.11 0.25 128 do do 
D 11.8 37,08 0.24 156 do do 
E 11.9 37.00 0.36 190 do do 
2 A 12.1 36.89 0.25 141 do do 
B 11.9 37.24 0.24 149 do do 
C 12.0 36.42 0.26 133 do do 
D 12.0 36.53 0.24 135 do do 
E 11.9 36.56 0.36 185 do do 
3 A 11.7 36.98 0.25 150 do do 
B 11.7 36.72 0.26 135 do do 
C 11.9 36.59 0.23 136 do do 
D 12.1 36.82 0.23 149 do do 
11.8 36.51 0.34 151 do do 
Average of A 11.9 36.98 0.25 153 do do 
Trial 1, 2 B 11.8 37.40 0.24 140 do do 
and 3 C 11.9 37.70 0.24 133 do do 
D 12.0 36.81 0.24 146 do do 
E 11.9 36.69 0.36 175 do do 
series II 
1 A 11.7 37.12. 0.20 190 none none 
B 12.0 36.85 0.22 160 do do 
C 11.9 36.95 0.22 141 do do 
D 11.8 36.70 0.21 160 do do 
11.8 37.00 0.28 205 do do 
Series III 
1 A 9.8 32.29 0.28 61 none none 
B 9.8 35.54 0.27 39 do do 
C 10.0 35.48 0.28 32 do do 
D 9.6 35.16 0.27 71 do do 
E** 10.1 35.10 0.28 59 do do 
2 A 10.0 35.63 0.28 68 do do 
B 10.1 35.20 0,27 45 do do 
C 10.0 35.37 0.28 30 do do 
D 10.2 35.38 0.26 60 do do 
B** 
3 A 9.7 35.19 0.28 94 do do 
B 9.9 34.95 0.29 65 do do 
C 9.8 35.56 0.28 58 do do 
D 9.8 35.00 0.27 88 do do 
E** 
Average of A 9.8 35.37 0.28 74 do do 
Trial 1, 2 B 9.9 35.34 0.27 47 do do 
and 3 C 9.8 35.54 0.28 40 do do 
D 9.8 35.18 0.27 70 do do 
E** 10.1 35.10 0.28 59 do do 
*A Control-liquid sweetened condensed admmilk 
B Skimmilk powder and sucrose 
C Skimmilk and sucrose pulverized together 
D Skimmilk powder sweetened with sucrose before drying 
E Skimmilk powder sweetened with maltose before drying 
** Only one trial made 
Table 5. Comparison of certain prorerties of ice cream made various sources of serum 
solids and surar. 
:Source :Temp. 
:of serum:ice cream:overrun 
:solids* :wen 
Trial no.: drawn 
of :Percent 
: 
:at end of: 
Flavor score :Body and texture 
scorl 
: "emarks 
0P.:8 minutes: 24 hrs.: 48 hrs.: 24 hrs.: 48 hrs.:11.avor criticisms 
Series I 
1 A 23 90 42.25 41.5 29.0 28.75 
B 23 85 41.5 41.5 28.75 28.5 
C 23 78 41.5 41.25 28.75 28.5 
D 24 85 42.5 42.0 29.25 29.0 
23 76 31.0 31.0 29.0 28.5 Malt 
2 A 24 95 37.5 37.75 27.75 27.75 Slightly oxidized 
B 23 98 37.5 37.5 27.0 27.5 Slightly oxidized 
C 24 93 37.5 37.75 27.25 27,5 Slightly oxidized 
1) 24 98 41.0 41.25 28,75 28.5 
E 24 90 31.0 31.0 28.25 28.0 Malt 
3 A 23 98 41.5 41.75 29.0 28.75 
B 23 90 39.5 40.0 28.75 28.5 
C 24 98 41.5 41.25 28.0 28.25 
D 24 100 40.5 41.25 28.25 28.5 
E 24 90 31.0 31.0 29.0 29.0 Malt 
Average A 23 94.3 40.4 40.5 28.6 28.5 
of 1, 2 B 23 91 39.5 39.7 28.2 28.2 
and C 24 89.7 39.2 39.5 28,2 28.1 
D 24 p4.3 40.3 40.5 28.8 28.5 
E 24 85.3 31.0 31.0 28.8 28.5 
Series II 
1 A 22 98.0 37.0 38.5 29.0 28.75 Old ingredients 
r 23 90 34.5 34.5 27.5 26.0 Old ingrldients 
C 22 SO 35.0 64.5 27.0 28.0 Old ingredients 
D 22 85 37.0 36.5 28.5 26.0 Old ingredients 
24 70 31.0 31.0 27.0 27.0 Malt 
Series III 
1 A 23 100 39.0 40.5 28.75 29.0 Lacks 
sweetness*** 
B 23 97 37.5 38 29.0 28.75 Old ingredients 
C 23 90 36.5 36.5 27.5 27.25 Old ingredients 
D 23 97 38.0 38.0 29.0 28.75 Slightly cooked 
E** 22 95 37.5 38.0 27.75 28.0 Slightly cooked 
2 A 23 92 39.0 39.0 28.0 28.25 Old ingredients 
23 88 35.5 36.5 28.0 27.75 Slightly cooked 
C 22 85 36.0 36.0 27,75 27.25 Old ingredients 
D 23 88 38.5 38.5 27.75 27.75 Slightly cooked 
0** 
3 A 23 100 39.0 40,0 28.5 28,25 Old ingredients 
B 23 100 36.5 37.5 27.5 27.5 Old ingredients 
C 22 94 36.0 36.0 27.5 27.0 Old ingredients 
D 22 94 38.5 39.0 28.25 28.5 Slightly cooked 
E** 
Average A 23 94 39.0 39.8 28.4 28.5 
of 1, 2 B 23 95 36.5 37.5 28.2 28.0 
and 3 C 22 94 36.2 36.2 27.5 27.3 
D 23 93 38.5 36.5 28.3 28.3 
22 95 37.5 38.0 27.75 28.0 
*A Control-liquid sweetened condensed skimmilk 
B Skimmilk powder and sucrose 
C Skimmilk and sucrose pulverized together 
D Skimmilk powder sweetened with sucrose beforr, drying 
E Skimmilk powder sweetened with maltose before drying 
**Only one trial made 
***Criticism of all samples in Series III 
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Ice cream made from mixes containing sucrose sweetened skim- 
milk powder was as satisfactory as the control mix containing 
liquid sweetened condensed skimmilk when viewed from the stand- 
point of the percent of overrun obtained at the end of eight 
minutes. 
Seorinp Flavor and Lodv and Texture. The data obtained 
from scoring the various ice creams of Series I, II and III is 
recorded in Table 5. 
In comparison of the various flavor scores, it will be 
noted with few exceptions in Table 5 that the scores Lt the end 
of 43 hours were approximately 0.5 of a point higher than at 24 
hours for the respective ice creams. This slight increase 
probably can be accounted for by the fact that the added vanilla 
flavor had more time to permiate throughout the ice cream. For 
the purposes of comparison of flavors, the 48 hour score will 
be used. The ice cream containing sucrose sweetened skimmilk 
powder mix of Series I, II and III was equal in score to the 
control ice cream (mix A) in Series I, each with a score of 
40.5 out of a possible 45 points for flavor. Ice cream made 
from the control mixes in the remaining two series was slightly 
higher in score than that made from sucrose sweetened powder. 
When ice cream was made from mixes containing maltose sweetened 
powder (mix. E, Series laid II), a pronounced malt flavor was 
present resulting in an average score of 31 points. The remain- 
ing ice cream made from mixes containing skimmilk powder and 
pulverized skimmilk-sucrose mixture (mixes B and C, Series 
II and III) had average scores slightly under that of the con- 
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trol ice cream (mix A same Series) and sucrose sweetened powder 
(mix D same Series). 
On a basis of flavor score for ice cream, sucrose sweet- 
ened powder used in mixes produced results equally as good as 
liquid sweetened condensed skimmilk used in mixes (control mix). 
Maltose sweetened powder when used in ice cream mixes pro- 
duced an ice cream which was considerably lower in score than 
the control mixes. 
There was no marked change in body and texture of the vari- 
ous ice creams when scored at the end of 24 and 48 hours. Ice 
cream in the three series made with skimmilk powder or pulver- 
ized skimmilk powder-sucrose mixture had body and texture scores 
which were slightly lower than mixes made with sweetened con- 
densed skimmilk. Ice cream made with sucrose and maltose sweet- 
ened powder for all practical purposes equaled the body and 
texture score of the control ice cream which averaged 28.5, 
28.75 and 28.5 points for Series I, II and III, respectively. 
Storage of Powder 
The data obtained from the study of the effects upon the 
moisture content, acidity, solubility index and flavor by type 
of container, storage temperature and storage period are pre- 
sented in Tables 6 and 7. When considering the percent moisture, 
glass and tin containers were more suitable than paper contain- 
ers. Commercial sweetened powder had an initial moisture con- 
tent of 2.36 percent and at the end of two months when stored 
in tin was as low. as 1.57 percent, In several cases there eere 
Table 6. Effects of certain containers and storage temperatures upon the moisture, acidity, 
and solubility index of dehydrated sweetened powder. 
Kind of : Type of: 
powder :contain-: 
:e# 
Storage: percent moisture : Percent acidity :solubility index (ml.) 
temper-: 
: ature : 
Begin-: 1 Mo.: 2 M3.: 
ning : 
Begin-: 
ning : 
1 7'o.: Mo.: Begin-: 1 "o. 
: ning : 
Sucrose 1 Room 2.36 0.15 2,53 0.16 0.16 0.16 0.1 0.1 0.1 
do 1 40°F. do 1.53 2,44 do do do do do do 
do 2 Room do 2.34 2.17 do do do do do do 
do 
do 
2 
3 
400F, 
Room 
do 
do 
1.45 
8.80 
1.57 
6.41 
do 
do 
do 
do 
do 
do 
do 
do 
do 
0.5 
do 
0.0 
do 3 40°F. dO 8.40 10.52 do do do do do do 
do 4 Room do 6.18 6.53 do do do do do do 
do 4 400F. do 9.64 9.75 do do do do do do 
Maltose 1 Room 3.25 3.09 3.62 0,23 0.23 0.23 0.1 6,1 0.1 
do 1 ' 40°F. do 3.80 3.89 do do do do do do 
do 2 Room do 3.27 3.29 do do do uo do do 
do 2 40°F. do 3.09 3.05 do do do do do do 
do 3 'Room do 5.39 7.47 do do do do 0.75 1.4:3 
do 3 40°F. do 8.43 8.30 do do do do do dO 
do 4 Room do 6.97 8.06 do do do- do do do 
do 4 40°F. (17 10.09 13.65 do do do do do do 
iansas State 1 Room 3.86 4.29 4.47 0.17 0.17 0.17 0.1 0.1 0.1 
Col. Sucrose 1 40°F. do 3.78 3.38 do do do do do do 
do 2 Room do 2.47 2.16 do do do do do do 
do 
do 
2 ,,
3 
40°F. 
Room 
do 
do 
3.40 
6.51 
3.17 
7.00 
do 
do 
do 
do 
do 
do 
do 
do 
do 
1.0 
do 
1.75 
do 3 40°F. do 10.99 11.47 do do do do do do 
do 4 Room do 7.56 7.17 do do do do do do 
do 4 400F. do 11.57 13.49 do do do do do do 
*1. glass 2. tin 3. paper lined ,,ealright 4. Sealright 
Table 7. Effects of certain containers and storage temperatures upon the flavor score 
of sweetened powders. 
nd of 
powder 
:Type of : 
:contain-: 
Storage : flavor score and criticism* 
tempera -: 
ture 
Beginning 1 month 2 months 
L:ucrose 
sweetened 
do 
do 
do 
1 
1 
2 
2 
Room 
40°F. 
Room 
40 °F. 
38 Si.*** cooked 
3B Si. cooked 
38 Si. cooked 
38 Si. cooked 
36 Sl. 000ked 
38 Sl. cooked 
38 Sl, 000ked 
38 Si. cooked 
37 51. 000ked 
S1. tallowy 
37 51. cooked 
Sl. tallowy 
37 51. cooked 
51. tallowy 
37 51. cooked 
Si. tallowy 
do 3 Room 38 51. cooked 37 Si. storage 
Si. cooked 
35 pronounced 
oappy 
do 3 40°F. 38 Si. cooked 38 51. cooked 36 paper taste 
do 4 R oom 37 51. cooked 37 Si. cooked 
51. storage 
33 pronounced 
cappy 
Sl. rancij. 
do 4 40°F. 38 51. cooled 38 Ll. cooked 35 paper taste 
altose 1 Room 29 pronounced 29 pronounced 29 malt flavor 
sweetened malt malt masks others 
do 1 40°F. do do do 
do 2 Room do do do 
do 2 40°F. do do do 
do 3 Room do do do 
do 3 40 °F. do do do 
do 4 Room do do do 
do 4 40°F. do do do 
Kansas State 1 Room 35 coo::ed 35 cooked 33 stale cooked 
sucrose 1 40°F. do do 34 stale cooked 
do 2 Room do do 33 stale cooked 
do 2 40°F. do do 34 stale cooked 
do 3 Room do 34 Si. storage 
cooked 
32 cappy papery 
do 3 40°F. do 35 cooked 33 sappy 
do 4 Room do 34 51. storage 
cooked 
32 cappy 
do 4 40°F. do 35 cooked 33 cappy 
*All samples had a sweetish taste 
**1. glass 2. tin 3. paper lined Sealright 4. ;:alripht 
***Throurrhout this table the word Sl. appears and is an abbreviation for the adjective 
slightly" 
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slight reductions in the moisture content at the end of two 
months when stored in glass and tin at either room temperature 
or 40°F. while in other instances there were slight increases. 
The increase in moisture content of the glass and tin may be 
explained by faulty sealing of the closure which allowed for 
moisture to be absorbed from the outside air, while the loss in 
moisture content was due to the sugar changing from a hydride 
to a hydrate form (7) by absorbing free moisture from within 
the container. Sweetened powders stored in eigher Sealright or 
moisture resistant paper lined Sealright container showed higher 
increases in moisture when stored at 40°F. than when stored at 
room temperature. The extreme gain in moisture content was in 
the case of Kansas State College sweetened powder when it in- 
creased from 3.86 percent to 13.49 percent at the end of two 
months when stored in a Sealright container at 40°F. The samples 
which were stored in paper containers were highly caked at the 
end of the storage period while those in glass and tin contain- 
ers were not effected. The caking was the result of an increase 
in the moisture content of the sugar. The increases at both 
temperatures, however, were sufficient to eliminate paper as a 
type of container for sweetened powder unless a paper contain- 
er is developed which is more moisture resistant and which has 
more efficient closures. 
There was no significant change in the percent of acidity 
of any of the powders in the different containers used or at the 
different storage temperatures. The acidities at the end of two 
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months of storage at either temperature were sucrose sweetened 
condensed powder 0.15 percent, Kansas State College sweetened 
powder 0.17 percent and maltose sweetened powder 0.22 percent. 
The initial solubility index of the powders expressed in 
milliliters was less than 0.1 for sucrose sweetened condensed 
skimmilk powder to 0.1 for Kansas State sucrose sweetened con- 
densed skimm ilk powder. Again glass and tin gave equally as 
good results with no loss of solubility at either temperature 
and at the end of two months' time. The solubility index in- 
creased particularly with a high moisture content and after ex- 
tern. d storage. At the end of two months of storage, the solu- 
bility index of Kansas State sweetened powder increased from 
0.1 milliliter to 1.7 milliliters. Commercial sucrose sweetened 
powder and maltose sweetened powder followed the same general 
trend but not at such a high level. 
The initial flavor scores given to the powder were: 1. com- 
mercial sweetened powder (Hershey's) 38 points, 2. maltose sweet- 
ened powder (Bennett's) 29 points, and 3. Kansas State College 
Sucrose sweetened powder 35 points. All powders were criticized 
for being too sweet, and in addition commercial and Kansas State 
sucrose sweetened powder for being slightly cooked. The maltose 
sweetened powder was criticized for its strong malt flavor. 
When stored in glass and tin containers there was approxi- 
mately one point decrease in flavor scores of the various pow- 
ders after two months of storage, when stored at either room 
temperature or 400F. 'hen stored in paper containers, there was 
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two point decrease at 40°F. and three point decrease at room 
temperature at the end of two months. At the end of the stor- 
age period, criticisms of powders in paper containers were the 
development of storage, cappy and tallowy flavors. Maltose 
sweetened powder was given the same score at each examination 
since the malt flavor masked other developed flavors. 
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SUPdlIARY AND CONCLUSIONS 
This study was undertaken for the purpose of obtaining 
more information on methods of manufacturing sweetened skimmilk 
powder, the comparison with other sources of serum solids when 
used in ice cream and the manner of storage. 
In the phase concerning manufacture, the factors studied 
were the temperature in the drying chamber, atomizing pressure 
and degree of concentration of the liquid to be dried and their 
elfects upon moisture content, flavor, color and texture of the 
finished product. Twelve small lots of powder were made in an 
experimental drier under the different conditions being studied. 
A study to determine the suitability of sweetened powders 
in ice cream was made by comparing them with other sources of 
serum solids and sugar. A total of 33 mixes and ice creams were 
made to obtain data as a basis for the study. 
The storage study was conducted to determine the most suit- 
able conditions under which to store the s'eetened skimmilk pow- 
ders. Powders were stored in different containers and at. differ- 
ent temperatures. 
Conclusions made from this study of manufacture, use and 
storage of sweetened powders are as follows: 
1. The best drying conditions from the standpoint of the 
finished powder as measured by flavor, color and texture re- 
sulted when using a temperature of 325 °F. in the drying chamber, 
750 pounds per square inch atomizing pressure and a concentration 
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of 14 or 22 percent total solids in the liquid before drying,. 
2. When a temperature of 375°F. was substituted for a temper- 
ature 3250F. in the drying chamber a lower moisture content was 
obtained but the powder had an objectionable flavor and color. 
3. From the standpoint of acidities, mixes containing su- 
crose sweetened powder produced results which were more desirable 
than the control mixes while mixes containing maltose sweetened 
powder resulted in acidities which were much higher. 
4. There were no significant differences in the viscosities 
of any of the mixes in the three series when considered from a 
practical basis. 
5. Observations made on the ease with which the different 
powders were incorporated into the mix indicated that sucrose 
and maltose sweetened skimmilk powder were more easily and com- 
pletely dispersed in the mix than were either skimmilk powder or 
the pulverized skimmilk powder-sucrose mixture. 
6. When selecting ice cream on the basis of flavor, body 
and texture and the amount of overrun at the end of eight minutes, 
mixes containing sucrose sweetened powders made ice cream equally 
as satisfactory as the control. 
7. Maltose sweetened powder when used in ice cream, resulted 
in a lower percent overrun obtained at the end of eight minutes 
and a lower flavor score than the control or sucrose sweetened 
ice cream, however, the body and texture score equalled that of 
the control ice cream wen using mixes containing maltose sweet- 
ened powder. 
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8. In studying the effects upon moisture content, acidity, 
solubility index and flavor by type of container, storage temper - 
ature and storage period, the best results were obtained when 
sweetened skimmilk powders were stored in glass or tin containers 
at either room temperature or 40°F. then stored for two months. 
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